INTRODUCTION
============

Parasitic infections were regarded as major public health problems in the past in Korea. Over the last 50 years, the prevalence of such infections has decreased rapidly, accompanying the increase in GNP, improvements in sanitation and hygiene, changes in agricultural management, and a nationwide control plan \[[@B1]\]. Infection by soil-transmitted helminths, such as *Ascaris* and *Trichuris*, has decreased dramatically: the egg-positive rates for these parasites were 54.9% and 65.4% in 1971 and 0.03% and 0.41% in 2012, respectively \[[@B2]\]. However, the pattern of the prevalence of foodborne trematode infections seems to be quite different from that of soil-transmitted helminth infections. Among foodborne trematode infections prevailing in the Republic of Korea (=Korea), *Clonorchis sinensis* infection is known to be the most important endemic disease, and its endemicity has remained at relatively high levels in riverside areas \[[@B3],[@B4],[@B5],[@B6]\].

*C. sinensis* is the most common human liver fluke in East Asian countries, including Korea, China, and Vietnam \[[@B7],[@B8],[@B9]\]. Currently, it is estimated that more than 200 million people are at risk of infection, 15-20 million people are infected, and 1.5-2.0 million show symptoms or complications \[[@B7]\]. Human infection occurs when metacercariae in the flesh or skin of freshwater fish are ingested by a human host. As second intermediate hosts of *C. sinensis*, 40 species of freshwater fish have been reported in Korea \[[@B10]\]. Thus, eating raw freshwater fish is believed to be the leading risk factor for *C. sinensis* infection \[[@B4],[@B8],[@B9]\]. Most infected humans experience no symptoms; however, a part of the infected population with heavy worm burdens and/or chronic infection with complications may suffer from severe clinical manifestations, such as epigastric pain, tenderness, fever, jaundice, and diarrhea \[[@B7]\]. Several studies have demonstrated its carcinogenic properties in humans, and it was reclassified as a group 1 biocarcinogens by the International Agency for Research on Cancer in 2009 \[[@B11]\]. Recently, clonorchiasis has been associated with atopy and high levels of total serum IgE \[[@B12]\].

*C. sinensis* infection remains an issue of major public health concerns in Korea. National surveys revealed egg-positive rates of *C. sinensis* in the general population as 4.6% in 1971, 1.8% in 1976, 2.6% in 1981, 2.7% in 1986, 2.2% in 1992, 1.4% in 1997, 2.4% in 2004, and 1.9% in 2012 \[[@B2]\]. In 2013, June et al. \[[@B4]\] reported *C. sinensis* egg-positive rates of residents living in 5 river basins of 9.3% in Geum-gang, 7.9% in Han-gang, 21.5% in Seomjin-gang, 4.8% in Youngsan-gang, and 13.8% in Nakdong-gang. These data indicate that the egg-positive rates in residents living in those river basins differed considerably, and that it was still being actively transmitted in endemic areas of Korea.

The Geum River basin is an endemic area for clonorchiasis. There have been several surveys on the prevalence of *C. sinensis* infection in the Geum River previously \[[@B3],[@B4],[@B6],[@B13],[@B14],[@B15],[@B16]\]; however, there was no up-to-date survey report. Thus, to evaluate the recent epidemiological characteristics of *C. sinensis* infection in residents of Muju-gun County, Jeollabuk-do (Province), living near the Geum River, we examined the prevalence of *C. sinensis* infection and clonorchiasis-related risk factors in survey participants using stool examinations and a questionnaire survey.

MATERIALS AND METHODS
=====================

Area surveyed and population
----------------------------

This epidemiological study was undertaken during the period of January to February 2010. In total, 349 residents (171 males, 178 females) from 6 villages in Bunam-myeon, Muju-gun in Jeollabuk-do Province, Korea, were examined ([Fig. 1](#F1){ref-type="fig"}). The age of the subject population ranged from 4 to 90 years old (average, 51.3±19.7 years). Written or oral consent was obtained from all the participants. The study protocol was approved by the IRB committee of Chungnam National University School of Medicine, Daejeon, Korea.

Stool collection and examination
--------------------------------

Stool specimens were collected in plastic containers and transferred to the laboratory of the Korea National Institutes of Health, Osong, Chungcheongbuk-do. A part (1 g) of each fecal sample was fixed with 10% neutral formalin in a 10-ml tube. These formalin-fixed stool specimens were further processed to the formalin ether concentration technique to identify the presence of *C. sinensis* eggs. *C. sinensis* egg-positive residents were administered with praziquantel at the dose of 25 mg/kg ×3 times in a single day. Also, individuals positive for parasites other than *C. sinensis* were treated with appropriate anti-parasitic drugs at the end of the study.

Questionnaire survey
--------------------

We conducted a questionnaire survey of the participants to evaluate correlations between *C. sinensis* infection and risk factors. Each participant was interviewed by a community health practitioner working in the village. The structured questionnaire contained 2 parts: sociodemographic characteristics and clonorchiasis-related risk factors.

Statistical analyses
--------------------

The results of fecal examination and the questionnaires were analyzed using the SPSS software (ver. 16.0; Chicago, Illinois, USA). Differences in continuous variables among groups were tested using a 2-tailed Mann Whitney U test and Student\'s *t*-test. Factors that showed a significant association with the *C. sinensis* egg-positive rate were used in univariate and multivariate logistic regression analyses. A univariate analysis of the relationship between *C. sinensis* infection and clonorchiasis-related risk factors was conducted. A multiple logistic regression analysis was done to eliminate confounding factors. Differences between the 2 groups were considered significant when the *P*-value was\<0.05.

RESULTS
=======

Characteristics of participating residents
------------------------------------------

The characteristics of the 349 participants are summarized in [Table 1](#T1){ref-type="table"}. There were 171 males (49.0%) and 178 females (51.0%). The percentages of participants who were \<65 and ≥ 65 years old were 51.9% and 48.1%, respectively. Among participants, more than two-thirds were farmers, non-smokers, and who had lived for more than 20 in the surveyed area. More than a half did not drink alcohol and felt generally healthy. According to education levels, the percentages of participants who were uneducated, graduated from elementary school, or middle school were 31.2%, 41.5%, and 27.2%, respectively.

We also checked the clonorchiasis-related behavior of the participants. The percentage who had eaten raw freshwater fish was 61.6%, and it was 77.2% in males. Of the participants, 25.2% had experience of *C. sinensis* infection in the past, and 23.2% of them had received treatment. The percentage of participants who was undergone a previous clonorchiasis examination was 63.6%.

Analysis of *C. sinensis* egg-positive cases
--------------------------------------------

The results from the stool examinations are summarized in [Table 2](#T2){ref-type="table"}. The overall egg-positive rate for *C. sinensis* was 13.2% (46/349 cases). The egg-positive rates were significantly higher in males (18.1%, *P*=0.011), farmers (16.5%, *P*\<0.001), residents who had lived there more than 20 years (15.3%, *P*=0.032), and residents who had eaten raw freshwater fish (18.6%, *P*\<0.001) than in females (8.4%), non-farmers (4.3%), residents who had lived there less than 20 years (5.4%), and residents who had not eaten raw freshwater fish (4.5%), respectively ([Fig. 2](#F2){ref-type="fig"}).

*C. sinensis* egg-positive rates were somewhat higher in those who graduated from elementary school, alcohol drinkers, and those who had undergone previous *C. sinensis* examinations than those of the opposite group for each variable. However, the egg-positive rates showed no statistically significant difference by age group, education level, cigarette smoking, alcohol drinking, health status, past history of infection, or experience of past clonorchiasis medication or examination.

Correlation between *C. sinensis* infection and infection-related risk factors
------------------------------------------------------------------------------

To evaluate the relationship between *C. sinensis* infection and clonorchiasis-related risk factors, we selected those factors that showed statistically significant differences among groups, such as gender, occupation, residence period, and raw freshwater fish consumption, and then analyzed the results by logistic regression ([Table 3](#T3){ref-type="table"}).

On univariate analysis, the odds ratios for males, farmers, those who had lived there more than 20 years, and who had eaten raw freshwater fish were 2.41, 4.44, 3.16, and 4.88 times higher than those of the opposites, respectively. On multivariate analysis, the risk of infection was 3.2-fold higher in those with the habit of raw freshwater fish consumption than in those without the habit, while gender, occupation, and residence period were confounding factors. Thus, eating raw fish was found to be the major factor for maintenance of clonorchiasis in this region.

DISCUSSION
==========

The liver fluke, *C. sinensis*, is currently the most important parasite infecting humans in Korea. According to the results of a national survey, the prevalence rate of clonorchiasis was 1.4% in 1997, 2.4% in 2004, and 1.9% in 2012. However, the prevalence of *C. sinensis* infection is much higher in riverside areas. In 2006, the total egg-positive rate of *C. sinensis* was 11.1% among residents living in the river basins of South Korea \[[@B6]\]. The *C. sinensis* egg-positive rate was as high as 8.1%, on average, in riverside areas surveyed in 2007 \[[@B5]\]. The egg-positive rates of *C. sinensis* observed in the Geum River basin were 12.0% in 1981 \[[@B16]\], 4.6% in 2006 \[[@B6]\], and 3.1% in 2007 \[[@B5]\]. In more details, the egg-positive rates for *C. sinensis* in Muju-gun were 40.4% in 1994 \[[@B13]\], 7.6% in 2007 \[[@B15]\], and 13.2% in the present study. However, the current prevalence of Muju-gun is still high. To lower the *C. sinensis*-positive rate, it is necessary to manage riverside endemic areas continuously. For example, as a result of continuous management at Gokseong-gun in the Seomjin River basin, the positive rate was reported to have decreased from 19.0% in 1999 to 11.3% in 2005 \[[@B17]\].

In this study, we used the formalin ether sedimentation technique for microscopic examination of the stools. The formalin-ether sedimentation procedure is recommended as being the easiest to perform, allowing recovery of the broadest range of organisms, and being the easiest subject to technical error \[[@B18]\]. However, the eggs of *C. sinensis* are similar in size and shape to those of minute intestinal flukes, including *Heterophyes heterophyes* and *Metagonimus yokogawai*. A PCR approach has proven to be an accurate diagnostic procedure. However, eggs of the liver fluke and heterophyid intestinal flukes cannot be differentiated by the opercular shoulder, although the appearance of muskmelon pattern on the egg shell of the liver fluke is helpful for diagnosis \[[@B19]\]. Our diagnosis of *C. sinensis* eggs was based on the presence of muskmelon patterns on the egg shell surface.

Many factors determine the infection status of clonorchiasis in any region. Generally, the prevalence of *C. sinensis* is higher in males and in inhabitants living in rural areas, and increases with age \[[@B3],[@B4],[@B8],[@B20]\]. We also found that egg-positive rates were higher among residents who had lived longer in the area and eaten raw freshwater fish, and also higher in males than in females. This may be related to Korean culture, in which drinking alcohol and consuming raw freshwater fish are more common among men than women; men participate in social activities that involve drinking and raw freshwater fish consumption more frequently than women. Those findings were consistent with previous reports from Vietnam and China \[[@B8],[@B20]\]. Also, in our study population, the egg-positive rate of clonorchiasis of farmers was significantly higher than in non-farmers. That is why the survey areas are basically rural agricultural regions, so residents who have lived for a long time were almost farmers. Like the residents who had lived more than 20 years were significantly higher prevalence of clonorchiasis than those of the opposite, the prevalence of farmers were significantly higher than those of non-farmers. In the present study, the egg-positive rate was higher in those ≥65 years old than those \<65 years old, although the difference was not significant. Similar to previous reports, this may be due to an accumulation effect of reinfection or superinfection with age because epidemiological studies indicate that humans do not develop any resistance to reinfection or superinfection by this parasite \[[@B7]\].

The 4.5% of *C. sinensis* infection among the participants in this study was not reporting raw fish eating experience, which is probably due to under-reporting or the possibility of cross-contamination during the cooking process. Because metacercariae of *C. sinensis* are mucilaginous and may stick to cooking utensils and so could theoretically contaminate other food \[[@B20]\]. In the present study, 14.8% rate in those with previous experience of infection indicates the possibility of reinfection. Repeated infection with *C. sinensis* is known to increase the risk of cholangiocarcinoma \[[@B7]\]. Clonorchiasis is a significant risk factor for cholangiocarcinoma in humans, as confirmed in several studies \[[@B21],[@B22],[@B23]\]. Two hospital-based case control studies in Korea demonstrated that radiological, serological, and parasitological evidence correlated significantly with an increased risk of both intrahepatic and extrahepatic cholangiocarcinoma \[[@B21],[@B22]\]. By analysis of endemicity of clonorchiasis and the Korean National Cancer Incidence Database for 1999-2005, the relative risk of cholangiocarcinoma by liver flukes was 4.7 (95% CI=2.8-8.4) and \~10% of cholangiocarcinoma in Korea was estimated due to *C. sinensis* infection \[[@B23]\].

According to the results of this study, the habit of raw freshwater fish consumption increased the risk of *C. sinensis* infection by 3.2 and 4.8 times (4.9 in univariate analysis, 3.2 in multivariate analysis). There were strong association between raw fish consumption and the prevalence of *C. sinensis* infection; thus, the major risk factor for *C. sinensis* infection is the consumption of raw freshwater fish. An obvious means of reducing infection would be to change such dietary habits; however, the habit of raw freshwater fish consumption is not going to be changed in a short period of time \[[@B7],[@B20]\]. Accordingly, in community health surveys, we need to consider using the habit of raw freshwater fish consumption as a screening tool to select high-risk areas or individuals susceptible to *C. sinensis* infection \[[@B24]\].

Limitation of this study include that our study only sampled residents living close to the river and examined only a small number of individuals based on their proximity to primary healthcare posts. In conclusion, the overall egg-positive rate for *C. sinensis* in Muju-gun, Jeollabuk-do was 13.5%. These data showed that this area still has a high prevalence of infection with *C. sinensis*, and the habit of eating raw freshwater fish was the major factor in the maintenance of clonorchiasis. Our data have updated the status of clonorchiasis along the Geum River basin, showing some decrease, compared with previous reports.
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Distribution of surveyed population according to sociodemographic and behavioral characteristics
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Egg-positive rates of *C. sinensis* according to the sociodemographic and behavioral characteristics
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Egg-positive rates of *C. sinensis* and 4 risk factors among residents of riverside areas in Muju-gun, Jeollabuk-do, Korea
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^a^Selected ones that showed significant relationship between *C. sinensis* infection and its risk factors among surveyed population.

^b^Odds ratio (OR) and 95% confidence intervals (CI).
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